Characterization of the proteins and nucleic acid of the gypsy moth nuclear polyhedrosis virus isolated in Ithaca, N.Y. (LdNPV-IT) is presented. A total of 29 viral structural proteins were identified by sodium dodecyl sulfate-polyacrylamide gel electrophoresis when the virus was isolated in the absence of alkaline protease activity. Fourteen surface envelope viral proteins were identified by lactoperoxidase iodination. Eleven proteins were associated with nucleocapsids prepared by Nonidet P-40 detergent treatment. Distinct alterations of viral proteins were documented when virions were purified in the presence of occlusion bodyassociated alkaline protease(s). Restriction enzyme digests of viral DNA indicated that this isolate was composed of a large number of genetic variants. On the basis of the major molar fragments resulting from EcoRI, BamHI, BglII, and HindIII digests, the molecular weight of the LdNPV genome was approximately 88 x 106.
The gypsy moth, Lymantria dispar (a native of Europe), is a serious pest of forest, fruit, and shade trees in the eastern United States. The U.S. Department of Agriculture has been involved in a massive control program which has included the use of the uncloned Hamden isolate of L. dispar nuclear polyhedrosis virus (LdNPV HA) (14) .
In addition to studies to evaluate LdNPV as a biological control agent, LdNPV has been physically characterized. The viral structural proteins have been studied by sodium dodecyl sulfatepolyacrylamide gel electrophoresis (SDS-PAGE) (15, 19, 20, 27) , whereas the occlusion body (OB) protein has been dealt with separately by several workers (1, 4, 16) . The viral DNA of the Hamden isolate has been partially characterized by restriction endonuclease analysis (17, 21) . A clear identification of LdNPV has been complicated by the genetic heterogeneity of uncloned isolates and the presence of an alkaline protease (5) in virus preparations used for structural protein analyses.
The present study was initiated to determine whether a local epizootic within the gypsy moth population near Ithaca, N.Y., during 1982 was due to LdNPV. This study includes the first characterization of LdNPV isolated in the absence of alkaline protease activity and characterization of the surface envelope proteins. A detailed analysis of four restriction enzyme digests of the Ithaca isolate (LdNPV IT) DNA is presented. Vir purification. After homogenization of diseased larvae in a Waring blender, the homogenate was strained through cheesecloth, and the viral OBs were pelleted by centrifugation (1, 10 ,000 x g for 10 min. OBs were treated with 1% SDS (wt/vol) followed by 0.5 M NaCl (including sonication) as described previously by Wood (25) .
A portion of the purified OBs was heated in a water bath at 800C for 2 h to inactivate the alkaline protease associated with the virus preparation. Protease inactivation was monitored with a modification of the protease assay suggested by Brown et Nucleocapsid purification. Virus (ca. 800 ,ug) which was purified from unheated OBs was incubated in 5 ml of a 3% (vol/vol) Nonidet P40 (NP-40) solution in 10 mM Tris (pH 7.8)-i mM EDTA (TE buffer) for 18 h at 37°C. The nucleocapsid solution was layered over a two-step sucrose layer composed of 20% (wt/wt) sucrose (TE buffer plus 2% NP-40) and 50% (wt/wt) sucrose (1 mM Tris buffer, pH 7.5) and centrifuged at 80,000 x g and 5°C for 1 h. Pelleted nucleocapsids were suspended in 1 mM Tris buffer (pH 7.5). Nucleocapsids were negatively stained and examined with an electron microscope.
PAGE and autoradiography. Virus samples were dissociated and applied to discontinuous SDS-polyacrylamide gels according to the method of Laemmli (12) . Gels (15 by 15 by 0.15 cm) with a 4% stacking gel and an 11% running gel were electrophoresed at a constant 6 W per gel (24) .
Molecular weights (MWs) of nonradioactively labeled proteins were determined with rabbit muscle phosphorylase b, bovine serum albumin, egg white ovalbumin, bovine erythrocyte carbonic anhydrase, soybean trypsin inhibitor, and bovine milk a-lactalbumin (Pharmacia) as standards. For autoradiographic analyses, 14C-methylated phosphorylase b, bovine serum albumin, ovalbumin, carbonic anhydrase, and lysozyme (Amersham) were used as MW standards.
For visualizing total viral protein patterns, gels were stained first with Coomassie brilliant blue R (25) and then destained completely and washed in at least five changes (2 h each) of 50% methanol and treated with the alkaline silver stain as described previously by Wray et al. (26) . Gels containing "25I-labeled proteins were dried immediately and exposed to Kodak XOmat X-ray film at -70°C. Stained gels and autoradiograms were scanned with a Helena Quick Scan R&D densitometer.
Characterization of viral DNA by restriction endonuclease analysis. Viral DNA was prepared by incubating gradient-purified virus for 6 h at 37°C in TE buffer plus 1.0% (wt/vol) SDS and proteinase K (100 ,ug/ml) (3).
This was followed by four extractions with TE buffersaturated phenol and dialysis against 0.1 x SSC (1x SSC is 1.5 M NaCl, 0.15 M sodium citrate). All restriction enzyme digests except for HindIII were carried out in a solution containing 33 mM Tris-acetate (pH 7.9), 66 mM potassium acetate, 10 mM magnesium acetate, and 0.5 mM dithiothreitol. The HindIII digest was conducted in Core Buffer (Bethesda Research Laboratories) composed of 50 mM Tris-hydrochloride (pH 8.0), 10 mM MgCl2, and 50 mM NaCI. All digestions were incubated at 37°C for 10 to 18 h in the presence of 100 ,ug of bovine serum albumin per ml.
Restricted DNAs were electrophoresed in 0.65% agarose gel, visualized by ethidium bromide staining, and scanned as previously outlined for PAGE gels.
Determination of MWs and relative concentration of DNA restriction enzyme fragments. MW estimates of restriction fragments were determined by the procedure of Southern (22) , using the corrected value for the migration of DNA bands in the gel. Lambda DNA restricted with KpnI or Hindlll was used as MW standards. The concentration of each fragment relative to its presence in major or minor molar amounts was determined from the relationship of the area of the peak from the gel scan to the distance migrated in the gel (2) . RESULTS Viral structural proteins. A total of 29 viral structural proteins (Fig. 1 , lane A, indicated by arrows) were consistently identified in six determinations by silver or Coomassie blue staining of the LdNPV IT isolate after heat inactivation of the alkaline protease associated with the OB preparation. As shown, additional bands were detected by silver staining; however, owing to the inconsistency of their detection, they were not included as structural proteins. Under these conditions the OB matrix protein was determined to have an MW of 30,000. Since the distribution pattern of viral proteins did not agree with reports for the LdNPV HA isolate, the analysis was repeated on virus purified in the presence of active alkaline protease. Under these conditions a total of 28 viral proteins were consistently observed (Fig. 1, lane B) , and the protein pattern was similar to those previously published (15, 19, 20, 27 Nucleocapsid proteins. Viral nucleocapsids were prepared from virions purified from protease-active OBs by treatment with the detergent NP-40 (7, 8, 23, 25) . A total of 11 nucleocapsidassociated proteins were consistently identified by silver staining (Fig. 2, lane A) (Fig. 2, lanes D and E) .
Removal of the viral envelope from proteaseactive preparations was verified by electron microscopic observation (data not shown) and by the fact that NP-40 treatment of 125I-labeled virions eliminated all but six labeled proteins (Fig. 2, lanes B and C) . These six remaining proteins may be nucleocapsid proteins which were nonspecifically labeled (9) or may represent a low percentage of naked nucleocapsids present in purified virus preparations.
Restriction enzyme analysis of LdNPV IT DNA. The results of the digestion of LdNPV IT DNA with the restriction enzymes EcoRI, BamHI, BglII, and HindIII are presented in Fig. 3 and summarized in Table 1 . The presence of a large number of minor molar fragments evident in the restriction enzyme digests shown in Fig. 3 indicated the presence of a wide range of genetic variation within LdNPV IT. These minor bands made it impossible to accurately determine the size of the virus genome. However, the genome size of the major component of this virus population estimated from the major molar restriction enzyme bands was 133.3 ± 8.9 kildbases (kb), corresponding to an approximate DNA MW of 88 x 106. In Fig. 4 we have identified several of the more dramatic of these differences.
A comparison of LdNPV IT and HA viral DNAs restricted with HindIII, BglII, and EcoRI is presented in Fig. 4 . These data indicate that although there are some minor differences, these two isolates are quite similar.
DISCUSSION
The pattern of viral structural proteins for the Ithaca isolate (from protease-active preparations) matched well those of earlier studies (15, 19, 20, 27 ) that were also conducted with an active protease. Our experiments did demonstrate a greater number of viral proteins due to the higher sensitivity of the silver stain (26) used on the gels. However, when the protease activity was inactivated before OB dissolution, the viral structural protein pattern was distinctly different (Fig. 1) . In the absence of protease activity there was an increase in staining intensity of four bands, the appearance of four new protein bands, and the disappearance of three proteins (Fig. 1, lanes A and B) . These changes were further illustrated in the 125I labeling experiment (Fig. 1, lanes C and D) in which the surface envelope proteins of an NPV have been identified for the first time. Except for vp 109 and vp 59 (Fig. 1, lane C) , all of the iodinated proteins of protease-active virus observed to be affected were also shown to undergo protease degradation in silver-stained gels (Fig. 1, lane  B) . Based on the fact that vp 109 and vp 59 were not observed in the nucleocapsid preparations (Fig. 2, lane A) , it appears that these two structural proteins undergo a minor degradation in the presence of protease activity. We conclude, therefore, that under these conditions the pri- b Restriction enzyme fragments determined to be major components of the LdNPV viral genome are identified by a letter whereas minor molar components are identified numerically.
c The size of each restriction fragment was determined from scans of agarose gels following the procedure of Southern (22) . Lambda DNA restricted with KpnI, HindIII, or SstI served as standards.
virion envelope, specifically affecting proteins which are exposed to some degree on the surface of the virion envelope. These data corroborate the conclusion of Wood (25) (7, 8, 23, 25) , the majority of the structural proteins were undetected (Fig. 2, lane B) . A total of 11 nucleocapsid proteins were consistently detected with silver staining (Fig. 2, lane A) 16) were also labeled in surface iodination experiments (Fig.  2 , lane E, protease-inactive virus). These may represent pairs of comigrating nucleocapsid and envelope proteins or contaminating envelope proteins in the nucleocapsid preparation. In addition, the 18,000-MW nucleocapsid protein was observed in protease-active but not in proteaseinactive preparations (Fig. 1, lanes A and B) which indicated that it would be preferable to isolate nucleocapsids from protease-inactive OB preparations. As (Fig. 2, lane D) .
We used restriction enzyme analysis to identify and characterize the NPV responsible for the epizootic observed near Ithaca, N.Y. On the basis of the previously reported restriction enzyme digests of LdNPV DNA with EcoRI (21) and HindIII (17) (Fig. 4) . Comparable genetic variation has been reported for wild isolates of several baculoviruses (6, 11, 13, 18, 20) . Although the restriction enzyme patterns of HA and IT viral DNA were quite similar, some minor differences were apparent. In Fig. 4 we have identified several of the more dramatic of these differences. For example, DNA from the IT isolate has three fragments, EcoRI-E (11.6 kb), BglII-B (17.6 kb), and HindIII-I (2.7 kb), which are major components of this isolate but minor molar components of the HA isolate. Also, DNA from the HA isolate has a major molar BglII fragment of 13.1 kb which is a minor molar component of IT viral DNA (BglII-4). These differences reflect different levels of particular genetic variants within each wild population and can be used to distinguish between the HA and the IT isolate. It appears that restriction enzyme analysis would be an interesting and useful tool for following and identifying changes in the virus gene pool after introduction of a well-characterized virus isolate into an insect population.
